Molecular genetics of bacteriophage P22 scaffolding protein's functional domains.
The assembly intermediates of the Salmonella bacteriophage P22 are well defined but the molecular interactions between the subunits that participate in its assembly are not. The first stable intermediate in the assembly of the P22 virion is the procapsid, a preformed protein shell into which the viral genome is packaged. The procapsid consists of an icosahedrally symmetric shell of 415 molecules of coat protein, a dodecameric ring of portal protein at one of the icosahedral vertices through which the DNA enters, and approximately 250 molecules of scaffolding protein in the interior. Scaffolding protein is required for assembly of the procapsid but is not present in the mature virion. In order to define regions of scaffolding protein that contribute to the different aspects of its function, truncation mutants of the scaffolding protein were expressed during infection with scaffolding deficient phage P22, and the products of assembly were analyzed. Scaffolding protein amino acids 1-20 are not essential, since a mutant missing them is able to fully complement scaffolding deficient phage. Mutants lacking 57 N-terminal amino acids support the assembly of DNA containing virion-like particles; however, these particles have at least three differences from wild-type virions: (i) a less than normal complement of the gene 16 protein, which is required for DNA injection from the virion, (ii) a fraction of the truncated scaffolding protein was retained within the virions, and (iii) the encapsidated DNA molecule is shorter than the wild-type genome. Procapsids assembled in the presence of a scaffolding protein mutant consisting of only the C-terminal 75 amino acids contained the portal protein, but procapsids assembled with the C-terminal 66 did not, suggesting portal recruitment function for the region about 75 amino acids from the C terminus. Finally, scaffolding protein amino acids 280 through 294 constitute its minimal coat protein binding site.